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ABSTRACT 
The effects of geometry and Reynolds number on the attachment 
of a jet to a convex wall and the mechanism of high pressure re-
covery in convex-walled bistable amplifiers are investigated. The 
results are presented in terms of normalized parameters in a form 
suitable for comparison with theoretical results. Reasonably good 
agreement is obtained between the experimental results and those 
predicted theoretically by Gortler and Glauert, particularly for 
regions of flow away from the control port. The effects of the 
wall setback and control port are most pronounced in a region near 
the power nozzle where Um/U
0 
attains values as high as 1.20. 
This task was supported by the Harry Diamond Laboratories of 




This publication, the twenty fifth in an HDL-report series on 
fluerics, describes research initiated under the general research 
program of the Harry Diamond Laboratories of the U. S. Army Materiel 
Corrunand on the characteristics of load-insensitive, convex-walled, 
bistable amplifiers. A comprehensive experimental study of the 
performance ch~racteristics of bistable amplifiers with straight, 
convex, and concave-walled amplifiers was reported by T. Sarpkaya 
in "NU Hydro-Report No. 033-TS, Univ. of Nebraska, July 196711 and 
in the paper entitled "The Comparative Performance Characteristics 
of Vented and Unvented, Cusped, and Straight and Curved-Walled 
Bis table Amplifiers" by T. Sarpkaya and Joseph M. Kirshner, Paper 
F3, Third Cranfield Fluidics Conference, 8-10 May, 1968~ Turin. 
The information reported herein has been technically reviewed 
by the HDL staff. 
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The most critical parameters affecting the performance of a bi-
stable amplifier are the sidewall setback, splitter location, re-
ceiving aperture width, location of vents, splitter-cusp radius, and 
the shape of the Coanda-walls. The effect of the variation of all 
these parameters has previously been investigated and reported by 
Sarpkaya (1) and Sarpkaya and Kirshner (2). It has been concluded 
that a vented, convex-walled amplifier exhibits nearly ideal perform-
ance characteristics and that the understanding of the underlying 
reasons could only come from an extensive study of the attachment and 
separation of a turbulent jet to and from a curved Coanda-wall placed 
near the power jet with a setback and control port. 
Most of the researchers in the field of fluidics dealt with 
straight-walled amplifiers. The attachment of a fluid jet to a curved 
wall and its subsequent separation has been used by some investigators 
as the basis of a fluid amplifier element. Researchers in the 
U.S.S.R. used an air foil geometry and supply jet exiting tangentially 
to the surface (3). A control jet opposed to the supply jet induced 
early separation. Curtiss, Liquornic, and Feil employed separation 
from a curved surface in a curved elbow amplifier (4, 5). Kadosch (6) 
studied the separation of jets from curved surfaces and used the 
principle in a fluidic oscillator. In all of these devices, the sepa-
ration of the jet from the curved surface is controlled by a small 
secondary flow injected into a boundary layer. The performance of 
these devices depends on the proper selection of the geometry and the 
parameters associated with it. 
Newman (7) and Kadosch (6) studied the separation of a jet with 
turbulent boundary layer from a curved wall. In these studies, one 
lip of a two-dimensional slot was assumed to extend in the form of a 
circular cylinder and there was, in the geometry chosen, neither a 
control port nor a setback. McGlaughlin and Greber (8) carried out 
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experiments on such a curved-wall device for Reynolds numbers below 
the critical range and investigated the feasibility of the develop-
ment of an electro-pneumatic converter by heating the curved wall. 
Although most of these studies were conducted for the purpose of 
developing suitable fluidic devices, part of the attention was due 
to the possibility of obtaining thrust-vector control for appli-
cations on V/STOL aircraft. The possibility of thrust augmentation 
due to air entrainment and increased mass flow in the jet sheet has 
been considered by Bailey (9), Von Glahn (10), Mehus (11), Von Kar-
man (12), and McKinney (13). Some of the lifting devices employed on 
V/STOL vehicles such as the jet-augmented flap exhibit behavior 
similar to that of the Coanda flow about curved surfaces. 
It is apparent from the foregoing discussion that the information 
derived from a comprehensive study of the flow over a curved surface 
would have broad applications not only to all fluidic devices de-
rivable from flow over curved surfaces but also to other related 
fields such as the development of V/STOL aircraft. 
The hydrodynamic analysis of the turning of laminar or turbulent 
plane jet sheets is rather incomplete. At low Reynolds numbers, the 
laminar jet separates from the curved surface after only a relatively 
short distance from the jet exit. The separated jet becomes turbu-
lent some distance downstream of the separation point. At some criti-
cal Reynolds number, the turbulent jet reattaches to the surface. 
This results in an enclosed separation bubble. The reattached turbu-
lent jet again separates at a point downstream of the bubble. As the 
Reynolds number is further increased, the reattachment point moves 
upstream, but the separation points do not change significantly. The 
bubble size decreases with increasing Reynolds numbers and finally 
vanishes. According to the measurements of Liepman and Laufer (14), 
transition in a free jet occurs at a distance 7xl04 v/U from the exit. 
The mixing layers finally emerge in the center of the jet and if Uw/v 
is sufficiently large, a fully turbulent jet is obtained about !Ow 
downstream of the exit. Newman (7), in the case of a two-dimensional 
jet round a cir.cular cylinder, found that the transition in the outer 
part of the emerging flow occurs at a distance of about 3xlz4 v/U and 
in the inner boundary layer in a region extending from 2x10 v/U to 
7x104 v/U. 
By considering the flow in the hodograph plane, potential theories 
have been obtained by Lighthill (15), Metral (16), Metral and Zerner 
(17), and Yen (18) for two-dimensional incompressible jets flowing 
round various cylindrical shapes with the surrounding fluid at rest. 
These theories predicted an increased mass flow from the slot, but of 
necessity neglected the entrainment of the surrounding fluid by the 
jet and failed to predict either the reattachment of the jet flow to 
the surface or its final separation from the surface. 
Two additional theoretical studies which have some bearing on 
the present study are due to Gortler (19) and Glauert (20). Gortler, 
assuming the eddy viscosity to be constant across the flow at each x 
and therefore proportional to Umym/2, obtained a solution for the 
local mean velocity in a two-dimensional free turbulent jet as 
or 
U = U sech2 [ O.SS y l_I 
m L ym/2 





where o is a constant. The measurements of Reichardt (21) and Forth-
mann (22) indicated that for small values of x/w, the flow was not 
independent of the nozzle width w, and that o varied from 12 near 
the nozzle to 7.7 at large values of x/w. 
Glauert (19), who introduced the term "wall jet", obtained 
solutions for both laminar and turbulent, radial and plane wall jets. 
The mean velocity profile consisted of an inner boundary layer 
(y < y ) and an outer half jet. The inner profiie for the plane 
m 
turbulent wall jet, as computed numerically by Glauert, is shown in 






Measurements in a plane turbulent wall jet have been carried 
out by Forthmann (22) and Sigalla (23) for values of U (y 12- y )/v 4 4 m m m 
ranging from 3.5 x 10 to 9 x 10 , and it was found that 
ym/ym/2 remains nearly constant at about 0.15. The experiments 
have also shown that the eddy viscosity in the outer part of the 
















Fig. 1 - Boundary Layer Mean Velocity Profile of 
the Turbulent Wall Jet 
Newman (7) carried out a dimensional analysis f~r the flow of a 
two-dimensional, incompressible, turbulent jet round a circular 
cylinder where one lip of the nozzle of width w joins the cylinder 
tangentially (no setback or control port), and found that, for large 





- f(e) and 6 = f [ Rw , sep (3) 
For angular positions sufficiently far from the nozzle, e ceases 
sep 
to be a function of w/R, and for sufficiently large Reynolds numbers 
it remains nearly constant. Furthermore, measurements of Newman have 
shown that ym/ 2 ' R and e may be correlated empirically by 
= 0.11 (1 + 1.5 ym/2 ) 
R 
(4) 
which represents a straight line in terms of y 1, 2/R 6 versus y 12 /R. A comparison of the results obtained from Eq. ~q) with those m 
obtained for a plane wall jet shows that the flow round a circular 
cylinder spreads more rapidly than a wall jet and that for 
y/ym/ 2 > 0.05, the effective eddy viscosity is similar to that of a· free jet. Newman attributed the latter to an increased mixing 
associated with the flow curvature in the outer part of the flow. 
The ultimate objective of the investigation reported herein is 
to obtain an understanding of the complex mechanism that provides a 
convex-walled vented amplifier with pressure recoveries in excess of 
those obtained by an analysis based on isentropic flow assumption. 
To this end, the first part of the study has been devoted to an 
understanding of the characteristics of flow over convex walls (with-
out vents) and to the accumulation of velocity and pressure data. 
The method of securing data and the comparison of the experimental 
and theoretical results·are subsequently presented. 
2 •. EXPERIMENTAL EQUIPMENT AND PROCEDURE 
The arrangement of the experimental apparatus is shown in Fig. 2. 
Air, at approximately 170 psig, was supplied to the system through a 
series of pressure regulators and an appropriately sized, calibrated 
rotameter. Pressures at the rotameter, power jet, and at the 
pressure taps along the convex wall were monitored by a differential-
pressure transducer. Individual pressure readings were taken by 
opening and closing appropriate valves on a common.pressure manifold. 
The output of the pressure transducer was monitored by a two-channel 
amplifier-recorder system. 
A Pitot tube coupled with a micrometer barrel was used to take 
the velocity profiles. Velocities were measured at various angular 
positions along the radial lines in the mid-plane of the quadrant. 
2.1 Test Section 
The test section was fabricated from a sheet of 1-in. 
plexiglas placed between two 1/2-in. sheets of plexiglas (see Figs. 
3 and 4). The two movable sections that bound the power jet were 
cut to appropriate dimensions and then cut to final dimensions on a 
milling machine. The static pressure tap for the power jet was then 
drilled in the upper panel and the faces in contact with the fluid 
were given a final hand polishing with rouge. The upper and lower 
panels were then clamped with a 1/4-in. gage block between them for 
the power jet. The two panels were then glued together at the en-
trance end with a "T" block, which provided the transition from the 
inlet tube to the rectangular power jet. 
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A circular block was cut out of a 1-in. plate to form the 
quadrant. After machining the block to approximately a 10-in. 
diameter, the pressure taps were drilled in the periphery. These 
holes were drilled with a #67 drill, on an indexing head, every 6 
degrees; staggered 1/16-in. off center as follows: center line, 
1/16-in. left of center line, 1/16-in. right of center line, center 
line, etc. The quadrant was then cut out of the block and all sur-
faces were carefully polished. 
In order to make the panel assembly movable in two di-
rections and thus to provide for variable setbacks and control port 
widths, 1/4-in. square holes were provided around all edges of the 
panel assembly at approximately 2-in. intervals. The panel assembly 
was made movable instead of the quadrant because of the large number 
of pressure taps emanating from the quadrant. 
The two side plates were made of 1/2-in. plexiglas sheets. 
A circular slot for the Pitot tube jig was machined in both side 
plates. These slots had a common center of curvature with the quad-
rant to ensure consistent radial settings of the Pitot tube. The 
quadrant was then dowelled to one of the side plates as a reference. 
The panel assembly was then placed next to the quadrant to establish 
the zero setback condition with a depth micrometer. The test sec-
tion was completed by placing the other side plate on top of the 
quadrant and the panel assembly, and bolting the resulting assembly 
together. 
2.2 Procedure 
Each run consisted of first selecting a proper setback, 
flow rate, and control port condition (open or closed). Then the 
following parameters were recorded: (1) atmospheric pressure and 
temperature; (2) rotameter outlet pressure; (3) power jet wall 
pressure; (4) wall pressures along the quadrant (14 taps); and (5) 
velocity readings every 0.05-in. from the quadrant and every 12 deg. 
along the quadrant. 
Each one of the three setbacks used (0.025, 0.050, and 
0.075-in.) was set into the test section with a depth micrometer. A 
1/4-in. gage block was inserted into the control port during the 
above measurement to maintain the parallelism of the sides of the 
control port. This was necessary because the control port boundaries 
were formed by the quadrant and panel assembly which are not directly 
coupled. 
The flow rate was established with the use of a calibrated 
rotameter and six flow rates were used for each setback and control-
port condition. These flow rates resulted in Reynolds numbers (based 
on the hydraulic diameter of the power jet) ranging from approximately 
16,000 to 35,000; or, in terms of the Reynolds number based on the 
power jet width of 1/4-in., from approximately 9,800 to 22,000. 
The calibration of the system was accomplished by connect-
ing a pressure transducer and a micromanometer to a pressure mani-
fold. The atmospheric reference valve was opened and the manometer 
zeroed. Then the reference valve was closed and the valve from the 
power jet pressure tap was opened to provide a pressure source. 
The flow rate was then adjusted until the manometer again was zeroed 
on 1-in. of water. By adjusting the gain of the amplifier, a full-
scale deflection of 50 mm was achieved with attenuation on position 
#1. The linearity of the recording system was checked with various 
amounts of pressure. No deviation from the straight calibration 
curve was detected. 
After.selecting the .setback and choosing the condition of 
the control port, and balancing and calibrating the recorder, a 
typical run was made as follows: 
(1) A specific flow rate was set with the. rotameter; 
(2) The reference valve was opened and the recorder po-
sitioned to zero; 
(3) The reference valve was closed and the rotameter out-
let pressure valve was opened; 
(4) After the pressure was recorded, the pressure valve 
was closed and the reference valve was again opened, thos referencing 
the pressur~ readings to atmospheric pressure; 
(5) The above procedure was repeated for the power jet 
pressure and the 14 pressure taps along the quadrant; 
(6) With the valve manipulation remaining th~ same, the 
velocity profiles were taken at 6, 18, 30, 42, 54, 66, and 78 deg, 
around the quadrant. 
The data obtained through the procedure described above 
have been normalized through the use of appropriate parameters and 
,are presented graphically in the next section. 
3. DISCUSSION OF RESULTS AND CONCLUSIONS 
Firstly, various pressure and velocity profiles and the overall 
characteristics of flow will be discussed. Secondly, a comparison 
will be made between the experimental results and those obtained from 
the analyses of Gortler and Glauert. Finally, the exploratory 
studies on the mechanism of high pressure recovery in convex-walled 
amplifiers will be presented. 
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Figures 5 and 6 show the normalized pressure p /P versus the 
w s 
angle 6 for the setbacks of 0.025 and 0.075-in., for a Reynolds num-
ber of 12,300, and for both open and closed control-port conditions. 
It is apparent from these two plots that there is a large number of 
pressure oscillations near the nozzle and particularly for smaller 
setbacks. The nonuniformity of the pressure distribution along the 
wall and the instability of the jet are in essence commonly observed 
flow characteristics in fluid amplifiers with relatively small set-
backs. The mechanism that causes the pressure oscillations is not 
well understood. Similar oscillations are also observable on the 
data presented by Newman for the case of a tangential jet flow round 
a circular cylinder. Newman preferred to represent his data with a 
mean curve and made no mention of the pressure oscillations. 
Extensive and repeated measurements of the wall pressures along 
the quadrant have verified the existence of pressure oscillations 
with resulting modifications of the velocity distribution in the 
boundary layer. It is quite possible that for very small setbacks, 
the jet is undergoing a series of attachments, separations, and re-
attachments within a region close to the nozzle or the control port. 
As the setback increases, the low pressure region remains fairly 
constant and extends as far as 60 deg. from the outlet of the power 
jet, and shortly thereafter the wall pressure rises sharply. Al-
though it is not possible to assign a specific angular position to 
the point of separation, Figs. 5 and 6 show that the separation 
point (a better terminology would be "separation zone") is approxi-
mately between e = 85 and 90 deg. It is further observed that as 
the setback increases, the m~gnitude of the normalized pressure 
P /P remains relatively constant until separation occurs. This is 
t¥ueseven though the magnitude of the wall pressure does not change 
significantly. It is obvious that the increased setback leads to a 
more stable reattachment. It should also be noted that the sepa-
ration point is relatively insensitive to the amount of setback, 
even though the point of separation is not as clearly defined for 
smaller setbacks as it is with larger setbacks. 
Figures 7 through 12 show the normalized velocity profiles for 
a Reynolds number of 12,300 for the two setbacks of 0.025 and 0.075-
in. and for various angular positions and control-port conditions. 
It is immediately apparent'from the data that the effect of the con-
trol-port condition on the velocity profile is most significant on 
the profiles closer to the power-. jet than on those at larger angles. 
As a matter of fact, it is for this very reason that the experimental 
velocity distributions for the region under consideration deviate 
more significantly from those predicted theoretically as will be 
discussed later. It should, however, also be noted that a good 
agreement is not expected in view of the fact that the assumptions 
governing the theories due to Gortler and Glauert do not include, 
among other things, either the presence of a control port or of a 
setback. 
It is also apparent from Figs. 7 through 12 that the closed 
control-port condition produces a velocity profile whose maximum 
occurs relatively closer to the curved wall. In other words, the 
jet, as would be anticipated, is "pulled" closer to the boundary 
due to the vacuum established in the control port. The difference 
in the velocity profiles due to various control-port conditions 
diminishes rapidly as the angular position increases, i.e., as the 
jet gets farther away from the nozzle. The difference in the veloci-
ty profiles due to various control-port conditions diminishes rapid-
ly as the distance to the section under consideration increases. 
Figures 13 and 14 show the normalized pressure distributions, 
similar to those presented in Figs. 5 and 6, for a Reynolds number 
of 20,200. The observations regarding the condition of the control 
port remain valid for this particular Reynolds number also. Once 
again the magnitude of the.normalized pressure p /P remains 
essentially unchanged for the two values of setb)ick~ Furthermore, 
not only is the parameter p /P relatively insensitive to setback 
w s but also to Reynolds number. 
Figures 15 through 26 present .a comparison of the normalized 
velocity profiles for Re = 20,200 with those obtained from the 
analyses of Gortler and Glauert. The comparison is presented only 
for the open control-port condition. As anticipated, the effect of 
the control port and the setback on the velocity profile, which are 
not present in the theoretical analysis, is most· evident for the 
angular positions closer to the power jet. Figures 21 and 22 show 
that the theory predicts larger velocities than those obtained ex-
perimentally. As the angle of radial position is increased, i.e., 
e = 42 and 78 deg. ' the agreement between the theoretical and 
experimental results is considerably improved. As a matter of fact, 
Fig. 26 shows that there is fairly good agreement between the two 
studies. 
In conclusion, it can be stated that for a given Reynolds num-
ber, an increased setback will result in a more stable jet attachment 
to the boundary. Also an increased Reynolds number tends to stabi-
lize the attachment for a given setback. This is evidenced by both 
the pressure and velocity profiles. 
Of special interest is the finding that the magnitude of the 
parameter p /P is almost insensitive to Reynolds number, setback, 
and controlwpo~t conditions. This is quite remarkable in view of the 
ranges of values investigated. 
The foregoing discussion has been confined to setbacks of 0.025 
and 0.075-in., although the experiments included an intermediate set-
back of 0.050-in. The data obtained with that particular setback, 
though not presented herein for the sake of brevity, have in every 
respect confirmed the conclusions advanced so far. 
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The ultimate purpose of the investigation reported herein was, 
as previously stated, the understanding of the mechanism which pro-
vided, in convex-walled vented amplifiers, pressure recoveries which 
are in excess of those obtained by one dimensional isentropic flow 
analysis. In order to account for the excess energy (per unit mass) 
recovered at the load port, beyond and above that provided by the 
~ 
source, the necessity of additional outputs, such as a vent and/or 
a splitter plate, at which the average energy per unit mass is lower 
than that at the input, has been recognized. The explanation of a 
convincing and experimentally verifiable mechanism required that: 
(a) there must be a Coanda wall along which the energy loss due to 
friction is relatively smaller than that along a straight Coanda 
wall; (b) the Coanda wall must be such that the resulting flow can 
rapidly undergo an energy redistribution with high energy flow con-
centrating near the core and the low energy flow at the two sides 
of the core; (c) the energy redistribution must be such that the 
average energy per unit mass at the high-energy regions is higher 
than that at the input; and finally, (d) there must be two outputs 
(a vent and a splitter plate) to discharge or "skim off" the low 
energy flow. 
A careful analysis of the velocity profiles (including those 
not presented herein) have shown that all the requirements cited 
above are satisfied with a convex-walled vented amplifier and that 
the explanation of the excess-energy recovery mechanism lies in the 
distribution of the resulting velocities. In order to proceed with 
a systematic development of the understanding of the mechanism, we 
will first consider the free laminar and turbulent jets. Numerous 
analyses and experiments have shown that (see for example 
Schlichting's Boundary Layer Theory) in two-dimensional laminar jets 
the center-line velocity decreases with distance from the nozzle as 
x-1/3, and in two-dimensional turbulent jets as x-1/2. The corre-
sponding ratio for a circular jet is x-1 regardless of whether the 
jet is laminar or turbulent. But it should be noted that x is 
measured from the origin or pole of the jet which does not neces-
sarily coincide with the nozzle outlet. 
Figure 27 shows a plot of the normalized maximum velocity U /U 
m o 
~ 
as a function of the distance parameter [(Re+ control-port width)/w] 2 • 
Also shown in this figure are the data obtained by Newman (7) and by 
Abramovich (24). Newman's data was for a circular convex wall with 
a w/R ratio of 0.028 and for Reynolds numbers in the same order of 
magnitude as those encountered in the presented study. Newman ob-
tained no data for angles of less than 45 deg. Abramovich's data 
was obtained with a free turbulent jet through the use of a nozzle 
of w = 1.18-in. and at a Reynolds number of 70,000. 
Although the corresponding Reynolds numbers are not quite 
identical for the purpose of comparison of the resulting velocity 
distributions, the following observations may be made with suf-
ficient degree of confidence in view of the fact that the range 
of Reynolds numbers is rather limited. Firstly, it is obvious that 
for a circular convex wall the normalized velocity is not a linear 
function of the distance parameter for values of 6 between zero and 
approximately SO deg. As a matter of fact, U /U0 remains larger m. 
than unity for values of 6 < 35 deg. The value of Um/U0 at the 
nozzle exit is found to be 1.20. This corresponds to a velocity 
distribution of 
~m -(~)1/7 
in the nozzle. The kinetic energy, calculated through the use of 
the power-law velocity distribution with n = 1/7, yields 
e = 1.04 u2/2g. 
0 
Secondly, it is apparent that the rate of decrease of maximum 
velocity in a free jet is nearly linear and the U. /U values are 
considerably smaller than those obtained with themci~cular convex 
wall. This conclusion is equally valid for the velocity profiles 
in a jet deflected by an inclined flat plate (7). Thus, the convex 
wall offers, as far as a bistable amplifier is concerned, certain 
advantages which may effectively be exploited for the purpose of 
recovering higher energy at the load port. 
In order to take full advantage of the high velocity core of 
the jet and to direct the flow into the load port before the ratio 
U /U begins to decrease, one must place the splitter plate as close 
a~ p8ssible to the nozzle (without making the jet unstable), drain 
the low energy flow near the wall through the vent and, finally, 
deflect away from the load port the low energy flow at the upper 
portion of the jet by means of the splitter plate. It is in this 
sense that the splitter plate skims off from the top of the jet the 
low energy flow and serves as a "skimmer plate" rather than as a 
,"splitter plate" (see Fig. 28). The resulting process may be re-
garded as the selective withdrawal of the high energy flow from the 
load port (Fig. 29). 
In an attempt to estimate the energy recovery at the load port, 
it was assumed that the velocity profile measured at 25 deg. on the 
90 deg. quadrant would give a conservative approximation of the pro-
file that enters the load port (Fig. 28). The portion of the ve-
locity profile captured by the load port was manually integrated to 
determine the kinetic energy per unit weight. The calculation 
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yielded e = 1.15 u2/2g, an increase of about 77. over that provided 
by the nozzle. To0 be sure the relative increase in the kinetic 
energy (per unit weight) of the flow entering the load port was 
achieved at the expense of losing some mass through the vents. It 
is obvious that the total energy provided by the nozzle decreases 
due to various reasons as the flow proceeds into the vents and load 
ports. One of the major reasons for the dissipation of energy is 
the presence of a separation bubble in a straight-walled amplifier. 
Since there is no separation bubble in a convex-walled amplifier, 
the explanation of the mechanism of obtaining high-pressure re-
coveries with convex-walled, vented, bistable amplifiers lies not 
only in the relatively smaller rate of decrease of U /U along the 
curved wall and in the selective withdrawal of the hTgh~energy 
region of the jet but also in the partial elimination of some of 
the energy dissipating elements such as the separation bubble. 
The velocity and pressure distributions for a 25 deg. convex-
wall segment, vent, and splitter plate combination (a half bistable 
amplifier) and for a complete convex-walled vented amplifier -
together with a more comprehensive discussion of the mass and energy 
recovery factors - will be presented in a subsequent report. 
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GLOSSARY OF SYMBOLS 
Jet momentum per unit span of slot = pU2b 
0 
Static pressure on the surf ace of the cylinder 
Supply pressure 
Radius of the quadrant 
Reynolds number = U w/v 
0 
Setback 
Local fluid velocity 
Maximum velocity in a given profile 
Average velocity of the power jet 
Power jet width 
Radial distance from the wall 
Radial distance from the wall to the maximum velocity 
Radial distance from the wall to the point where the local 
velocity is one half of the maximum velocity 
Angular position 
Kinematic viscosity of fluid 
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Figure 11. Nonnalized velocity profile for Rew= 12,300, 
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Figure 12. Normalized velocity profile for Rew= 12,300, 















Rew = 20 ,200 
SB = 0.025-in. 
0 = Open control port 
I = Closed control port 
Q (degrees) 
---~~~~_.___.___.__~~~~_J_ ~' ~' ~'~--~~~ 
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 


















Rew = 20,200 
SB = 0.075-in. 
0 = Open control port 
I = Closed control port 
9 (degrees) 
I I I I 
18 24 30 36 42 48 54 60 66 72 78 84 90 



























= 6 deg. 
= Open control port 
= Closed control port 
u/U0 
0 '----'-~-'---''---'-~-'---''----'-~-'---''---'-~-'---'-~~~-'---'-~~~~~~~~ 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 














Rew = 20,200 
0.05 t SB = 0.075-in. 0.04 g = 6 deg. 
0.03 ~ 0 = Open control port 
0.02 t I 0.01 ~~- u/U0 
0 
0 0.2 0.4 0.6 0.8 l.O 1. 2 l. 4 








' 0. 14 Re = 20,200 w 
SB = 0.025-in. 
0. 12 
I 
y/R g = 42 deg. 
0. 10 
0 = Open control port 
0.08 





0 0.2 0.4 0.6 0.8 1.0 1. 2 1. 4 






SB = 0.075-in. 
0.20 g = 42 deg. 
0.18 0 = Open control port 










0 ~~~_L___i__~~~-L___l___j___L_L_I I I I I 
0 0.2 0.4 0.6 0.8 1.0 1. 2 1. 4 













Rew = 20,200 
SB = 0.025-in. 
Q = 78 deg. 
= Open contra 1 port 
= Closed control port 
0.2 0.4 0.6 0.8 1.0 
Figure 19. Nonnalized velocity profile for Rew= 20,200, 
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Figure 20. Normalized velocity profile for Rew= 20,200, 
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Figure 21. Comparison of G~rtler-Glauert solution with 
experimental data for Rew = 20,200, SB = 0.025" 
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Figure 22. Comparison of GBrtler-Glauert solution with 
experimental data for Rew= 20,200, SB= 0.075 11 
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Figure 23. Comparison of G~rtler-Glauert solution with 
experimental data for Rew = 20,200, SB= 0.025" 
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Figure 24. Comparison of Gtlrtler-Glauert solution with 
experimental data for Rew= 20,200, SB= 0.075 11 
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Figure 25. Comparison of GBrtler-Glauert solution with 
experimental data for Rew = 20,200, SB= 0.025 11 
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Figure 26. Comparison of the G~rtler-Glauert solution with 
experimental data for Rew = 20,200, SB= 0.075 11 
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Figure 28. Normalized velocity profile at the entrance to the load port 
(see Figure 29) 












Figure 29. Convex-walled amplifier 
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